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Abstract: The present study shows the influence of the diemedepleted water (DDW) as compared to the
drinking water on the haematocrit and the leukodgienula on the cadmium chloride intoxication irtsra
divided into 6 batches comprising 10 individualslearhe blood samples were collected directly ftbm heart
(intracardiac punction) under narcosis; in accocganith the animals’ protection law No. 475/2006.

The obtained data have been processed statisticalgulating the mean values and the main vaitglfdctors

(x; Sx; s; Cv) that have been analysed afterwaitts tive help of the Mann-Whitney (Wilcoxon) test.

From both the healing and preventing effect poifitview as a result of the DDW administration an
improvement of the non-specific defence capacittheforganism was produced. This can be a stapting for
further studies that can establish the DDW stasuadguvant in the prevention and /or treatmentefdifferent
pathological states.

INTRODUCTION

Water is one of the main compounds of the livingtteraand takes part in all
fundamental processes of the organism. The magsilhetion of the last decades affected
also the water both the surface and the groundrixaddmium being one of the main factors.
It is known that cadmium toxicity affects the liyeidneys; the blood; the heart; and the
digestive apparatus. At the haematic level cadmgumainly bound to plasmatic proteins and
the erythrocytes; producing the TATP+ase pump inhibition with calcium accumulation i
the erythrocyte up to a lethal level (14); or iusas both anaemia and the altering of the
antioxidant status at the blood level (8;9) On¢hefreasons of the anaemia effect can be that
the administration of cadmium chloride rises theoll level of glucosis urea creatinine and
bilirubin (4)

The natural water is a mixture of,® and DO. The ratio between the number of
hydrogen and deuterium atoms (R= H/D) is about @5 (parts per million). Light water
also called deuterium-depleted water (DDW) hassatopic ratio R smaller than 80ppm. The
deuterium concentration increase leads to heavernw@pO) that has negative biological
effects (13; 16). The DDW has positive effects ugmnleukocytes (specific and non specific
immunostimulation) and the erytrocytes (2;6;7;8;10)

The present study wants to show the influence of\\DIpon some sanguine
parameters; i.e. the haematocrit and the leukodgtenula at the cadmium chloride
intoxication in rats.
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MATHERIAL AND METHODS

The experiment was carried out on 60 adult Wissaés with a body weight between
220-240 g that were fed with dry food (a cereal tomie: 40% maize; 40% wheat; 10%
sunflower) and water. The rats were divided intbafches; each comprising 10 individuals;
as follow:

» Batch 1 (1DW) — the control one — got drinking wdf2W) ad libitum for 61 days.

» Batch 2 (2DV) - got DW for 30 days and on day 3éythvere administrated cadmium 20
ppm/kg under the form of Cd{lThe animals were slaughtered 24 hours after the
cadmium administration.

» Batch 3 (3DW) — got DW ad libitum (deuterium cortt&80 ppm/l) for 30 days and on day
31 they cadmium 20ppm/kg in form of CdQVas orally administrated. The rats got
drinking water ad libitum for 30 days more and #&dter they were slaughtered.

» Batch 4 (1DDW) - got DDW ad libitum (deuterium cent 30ppm/l) for 61 days and the
rats were slaughtered thereafter.

» Batch 5 (2DDW) — got DDW ad libitum (deuterium cent 30ppm/I) for 30 days and on
the day 31 they were administrated cadmium 20 pgrofder the form of Cdgl The
animals were slaughtered 24 hours after the cadradministration.

» Batch 6(3DDW) - got DDW ad libitum ( deuterium cent 30 ppm/I) for 30 days and on
day 31 they got cadmium 20ppm/kg in form of Cddlhe rats got DDW ad libitum for
30 days more and thereafter they were slaughtéabte(1).

Table 1
Work protocol for the deuterium-depleted water aadmium chloride experiment in rats
Batch Timeinterval
1-30 days | day31 | day32 | 32-61days day 62

1DW Drinking water slaughtering
2DW | Drinking water CdGl(20 ppm /kg) Slaughtering

3DW | Drinking water CdGl(20 ppm /kg) Drinking water slaughtering
1DDW DDW slaughtering
2DDW | Deuterium-depleted watgr  C@Q20 ppm /kg) Slaughtering
3DDW | Deuterium-depleted wategr Cd@Q20 ppm /kg) Deuterium-depleted watgr  slaughtering

The DDW has been obtained from the heavy wateofgd@OMAG Turnu Severin. The
blood samples were collected directly from the h@atracardiac punction) under narcosis; in
accordance with the animals’ protection law No./2086 (17). The haematocrit (Ht) and the
leukocyte formula (LF) have been determined (19).

The obtained data have been processed statisticallyulating the mean values and the
main variability factors (x; Sx; s; Cv) that haveelm analysed afterwards with the help of the
Mann-Whitney (Wilcoxon) test.

RESULTS AND DISCUSSIONS

The values obtained for the haematocrit are render&able 2.

As for the batches treated with DW; the mean vadfieghe haematocrit increases
significantly (p=0.0002) from 44% (DW1) to 48% (D\vafter administrating Cdgl This
happens probably because of the rapid mobilisatidhe red cells of the reservoir organs. In
batch DW3 a significant decrease of the mean valubke haematocrit to 37.66% (fig.4) can
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be observed. The haematocrit decrease under thokwealue 44% (1DW) can be the result
of the haematotoxic effect of the cadmium (4;8;9).

The statistical s of thadmat _Tte}blei The haematocrit variation within the

e statistical parameters o atocritin ra i i ifi — .

treatgd with drinking F\)/vater gnd qleu;erium-d(.aple/tmer ngvgggétiho \éVQaSS?mSIgnmcant (p=0.7337;
in CdChL (20 ppm /kg) intoxication conditions P » P=U. )- )

The haematocrit of the DDW batches
1DW | 2DW]| 3DW] 1 DDW2DDW[3 DDW/| (fig. 1) was in comparison with that of the
DW batches lower with significant
differences (p= 0.0004; p=0.0002;
p=0.0015). This means that the DDW had
a  better protection against the
haematotoxical effect of cadmium

X | 44.00| 48.00f 37.66 40.50 40.50 41.p0
Sx| 0.39 0.45 0.50 0.47 0.5 0.40
s | 1.25 1.43 1.58 1.49 1.84 1.2y

Cv| 2.83 2.99 4.18 3.68 4.55 3.10
X-mean; Sx- average mean error; s- standard denjadiv —
variability coefficient

compared with DW but it is also possible tha
the DDW would have improved the oxygen- 50 —e—ow
carrying capacity of the red cells and their 4 AT
reducing. This would be a starting point for N\

new researches on the DDW role in the 40 o
modification of the oxygen-carrying capacity 35
of the blood. Batch

The obtained values of the leukocyte %0 r 2 s
formula (LF) are shown in table 3.

The values obtained for the leukocyte
formula at batch 1DW are within the normaFig. 1 Comparative mean values of the haematocrit
limits and in accordance with the specializeq] ’tat? ”%ateldt"(‘;'th ?“”kl'jngw"‘_’a.tetr .(D\iv) g ar.‘t‘:]
literature (1; 3). An exception makes th%:gn?{l:‘ﬂnméhfoﬂifj: water ( ); intoxicated wi
monocytes percentage that is slightly
increased. At the batch 2DW the neutrophiles peaggnincreases (41%) as compared with
the batch 1DW (27.75%) and the percentage of al dkther categories of leukocytes
decreases. The values of the mean procentagee oktlirophiles and lymphocytes are at the
batch 3DW almost the same as those of the conatwhb(with insignificant differences as
compared with 1DW; p=0.3258; and p=0.8703 respelstiv The same can be observed and
at the monocytes; but with significant differencp=@.0002). A significant increase
(p=0.0002) of the mean eosophiles percentage csm la¢ observed. The modifications
observed reveal the fact that the organism hatedtdefending phenomena comprising three
phases: neutrophilic fight; monocytary fight; anéaling (5; 12) consecutive to cadmium
chloride administration.

At batch 2DDW in comparison with batch 1DDW an eese of the neutrophiles and
monocytes (40.5% and 7.30% respectively) and aedser of the eosinophiles (1.45%) and
lymphocytes (54.00%) can be observed. At batch 3D®/ increase of the neutrophlyles
(48.10%) and eosinophiles (4.45%) is associatedh Wit decrease of the lymphocytes
(40.90%) and the monocytes (6.55%).

The observed variations are statistically significgp=0.0002-0.0138) with the
exception of the lymphocytes percentage decreas@.4p97) at one day and that of the
monocytes (p=0.0696) at 31 days after the cadminloride administration. It can be said
that the DDW amplifies the neutrophilic reactiorapl by stimulating the participation of the

Ht (%)
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monocytes at one day after the intoxication anghtmjonging the neutrophiles activity up to
the (final) healing phase from the unspecific ddfeg phenomenon at the leukocyte level.

The comparative analysis of the batches (fig. ZH8)ws that the values of the leukocyte
formula are in general higher for the batch 1IDDWcampared with the batch 1DW with
significant statistical differences. An exceptioakas the lymphocytes where an insignificant
small decrease has been observed (p=0.0000). Hhesanof the neutrophiles mean values of
the batches DW and DDW show insignificant differen¢p=0.4057) a day after the cadmium
chloride administration; but significant ones fdretDDW (p=0.0002) after 62 days of
treatment. This phenomenon suggests that in the aathe DDW batches the neutrophile
fight phase is prolonged.

Table 3.
The statistical parameters for the leukocyte foamnlrats treated with drinking water (DW)
and deuterium-depleted water (DDW) in condition€dfCL (20 ppm /kg) intoxication

Batch | Parameters L eukocyte Formula
Neutrophils Eosinophils Basophils | Lymphocytes | Monocytes
Dwil X 27.75 1.95 0.25 65.00 5.05
Sx 0.79 0.24 0.08 1.02 0.41
s 2.51 0.75 0.26 3.22 1.30
CcV 9.05 38.54 103.28 4.95 25.82
Dw2 X 41.00 0.50 0.00 55.40 3.00
Sx 0.58 0.12 0.00 1.68 0.51
s 1.84 0.39 0.00 5.32 1.62
CcVv 4.49 77.17 0.00 9.61 54.00
Dws X 26.00 4.62 0.00 63.82 5.52
Sx 0.79 0.14 0.00 0.35 0.19
s 2.51 0.45 0.00 1.11 0.61
cVv 9.66 9.68 0.00 1.73 11.08
DDW1 X 35.05 3.45 0.00 55.05 6.45
Sx 0.30 0.15 0.00 0.96 0.20
s 0.94 0.46 0.00 3.03 0.63
CcVv 2.68 13.29 0.00 5.50 9.76
DDW2 X 40.47 1.45 0.00 54.00 7.30
Sx 0.77 0.16 0.00 0.47 0.11
s 2.45 0.52 0.00 1.48 0.34
CVv 6.05 35.85 0.00 2.73 4.61
DDW3 X 48.10 4.45 0.00 40.90 6.55
Sx 0.48 0.22 0.00 0.68 0.32
s 1.52 0.69 0.00 2.15 1.00
cV 3.17 15.39 0.00 5.26 15.21

X —mean; Sx- mean error of the average; Cv- viitiaboefficient

As concerning the mean value of the eosinophylesepgage it can be said that it has a
similar evolution for both batches; following thbysiological evolution of LF in the case of
pathological stress. The batches 1 and 2 DDW shalueg that are significant higher
(p=0.0000) what means that DDW had a preventive stidulating effect of the early
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reactivity that was significantly better than tbathe DW. After 62 days the differences were

insignificant (p=0.5967).
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Fig. 2. The evolution of the monocytes and eosigtgsh Fig. 3. The evolution of the neutrophiles and lyrogytes
mean values in the rat batches treated with dripkiater mean values in the rat batches treated with drinkiater
(DW) and deuterium-depleted water (DDW); intoxichte(DW) and deuterium-depleted water (DDW); intoxichte

with cadmium chloride

with cadmium chloride

At the DDW batches the monocytes mean values wgrgfisantly higher; than those
of the DW batches (p=0.0002-0.0140) thus suggestiagDDW stimulates the non-specific
defence reaction of the organism both in normal pathological conditions. At the DW
batch; the monocytes evolution curve is that knénem the specialized literature (8; 20) i.e.
the monocytes’ participation is accentuated onlyirduthe late phases of the leukocytes
reaction.

The evolution of the lymphocytes mean values attB&V batches shows a continuous
decrease; as compared with the DW batches; whereléhrease took place only after the
administration of CdGland it was followed by a return towards the ihitialues. It can be
said a day after the administration of the cadmamoride the DWW did not influence the
specific defence; because p=0.7055 shows an ifisigmi difference between the
lymphocytes values at the 2DW and 2DDW batches;olvet a longer period of time (62
days) at the 3 DDW batch the difference was sigairftly reduced (p=0.0002)

From the point of view of the leukocytes formuladifization; the usage of the DDW
as a protective agent in the case of the cadmidoridh intoxication raised the non-specific
defence; represented by the neurophiles and thecytes while the administration of DW
had no effect. The modifications evolution is déseul in the specialized literature as normal
for the non-specific reaction at the nosogenoumfac

As concerning the healing effect; DDW generateddgimvth of the leukocyte ratio in
favour of the cells with fagocytic capacity and iaxitative effect (neutophiles and
monocytes) as compared with those having an immaleglymphocytes). This suggests that
the administration of the DDW can have a protecéffect in cadmium chloride intoxication
as compared with DW. But if cadmium chloride indsi@® oxidative stress (through lypidic
peroxydation; diminishing of the reduced glutatyoriatalase and of the glutatyone
peroxydase) mostly at the liver and the kidney ll¢¥8) but also at the sanguine one (12; 13);
the growth of the non specific reactivity of theiltecytes could be the result of the organism
necessity to counteract its oxidative effect.
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CONCLUSIONS

» In the absence of the pathogenous factor; the usladeuterium depleted water instead of
drinking water modified significantly both the haatocrit and the leukocyte formula; i.e.
the haematocrit decreased within the physiolodiodts and non-specific defence at the
leukocyte level rose.

» As compared to drinking water; after the admintstra of a unique dose of cadmium
chloride the deuterium depleted water modified i§icemtly positive both the evolution
of the haematocrit and the leukocyte formula; the. heamatocrit was stabilised and the
non-specific defence of the leukocyte formula wasdated early.

» From both the healing and preventing effect poihtview as a result of the DDW
administration an improvement of the non-specitifedice capacity of the organism was
produced. This can be a starting point for furtftedies that can establish the DDW status
as adjuvant in the prevention and /or treatmethefifferent pathological states.
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